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(g) Motor rotor. 

(g) A motor rotor comprises a cylindrical ferrite and a shaft, 
said cylindrical ferrite being supported coaxially with said shaft 
by means of a melt-processable polymer capable of forming an 
anisotropic molten phase. 
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Description 

Motor Rotor 

The present invention relates to a ferrite rotor of a motor such as micromotor. 

5 Statement of Prior Arts 

There are many instances where a cylindtlcai ferrite is used for a rotor of a smaU motor. The cylindrical fen-ite 
IS supported coaxially on the shaft by means of thermoplastic resin such as poiyacetal. This is advantageously 
^ so-called insert injection molding. The disadvantage of this method is that the cylindrical 
,n l!Il!?K^h 1? * ''^fy *f "^"^ strength is broken by the injection pressure of the thermoplastic resin injected 
N«%5in^Mo^ °I A remedy for this disadvantage is proposed in Japanese Patent Publication 

No. 33103/1984. According to the remedy, plastic Is filled in the outer space of the cylindrical fenite to protect 
the cylindncal femte from the outward injection pressure. The outer layer thus formed has to be removed by 
^ "JoW'ng- This is a disadvantage. Such handwork offsets the efficient injection molding process. 

r^fnoved is wasted. Where the thermoplastic resin is nylon or similar engineering 
plastic, the cylindncal femte is broken by the contraction and expansion of the resin which take place when the 
temperature changes, because such a resin has a large coefficient of thermal expansion. 

Summary of the Invention 

The present invention was completed to solve the above-mentioned problems. According to the present 
invention, the cylindncal ferrite is supported by a melt-processable polymer which is capable of forming a 
special anis^opic molten phase. In place of the conventional resin. The motor rotor of this Invention can be 
produced efRciently and can be used in a stable manner under severe conditions 

A motor rotor of the invention comprises a shaft, a cyttnder of a fenite and a supporting means to support 
said cyHnder coaxially of said shaft, said supporting means consisting of a polymer being capable of the 
^ anisotropic phase in the molten state and the melt-processing. " *' ' a h«»"" 

It is preferred that the motor rotor has been obtained by moulding said polymer In a mould equipped with the 
cylinder and the shaft In advance. It is further preferable that saki polymer is a polyester. 

Brief Description of the Drawings: 
30 Fig. 1 1s a schematic sectional view of a mould with a cylindrical ferrite and a shaft inserted therein 
1. 1 ... Moulds 2 ... Cylindrical fenite 3 ... Shaft 4. 4' ... Injection gates 

As mentioned in detail in the following, the motor rotor of this invention is constmcted such that the ferrite is 
supported on the shaft by means of a melt-processable polymer which is capable of forming the anisotropic 
molten phase. Because of its high fluidity, the polymer can be moulded at a low Injection moulding pressure 
and rt also tolerates a slight fluctuation of Injectfon moulding pressure. In addition, the polymer has a 
coefficient of thermal expansion which Is close to that of metals, and therefore, it undergoes very small 
dimensional change due to contractfon and expansion induced by temperature change. Thus the present 
invention overcame the disadvantages of the conventional resins and solved the problems by using the new 
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Accordingly, it is an object of the present invention to provide a motor rotor which comprises a cylindrical 
fenite and a shaft, said cylindrical fen-ite being supported coaxially with said shaft by means of a 
melt-processable polymer capable of forming the anisotropic molten phase 
The melt-processable polymer capable of forming an anisotropic molten phase which is used In this 
^« ^ I?® properties of pennitting the polymer molecular chains to assume regular parallel 

"^^ ^^^^ molecules are ananged In such a manner is ^rrad to as 
nroHM.'^wf'^ ^ ^® °' the nematic phase of a liquid crystal substance. The polymer like this is usually 
K r^fiSl^'llH H°'"^''T'''°rJ'^,^*^"• ^ flat configuration, has a high rigidity along the long axis 
of the molecule, and has a pIuraTrty of chain extension linkages which are coaxial or parallel with one another. 
sn ^rr^H^^?^t anisotropic molten phase can be determined by an ordinary polarization test using 
nicols. More partioularty. the properties can be determined with a Leitz polarizing microscope of ^ 
oSS^i^2^^ obseiving a sample placed on a LeItz hot stage in a nitrogen atmosphere. The po^r is 
optically anisotropic. Namely, it transmits a light when it is placed between the crossed nicols Wlien the 
sample is optically anisotropic, the polarized light can be transmitted through It even in a still state 
The constituents of the polymer to form the above-mentioned anisotropic molten phase are as follows- 
on n ) one or more of aromatic and alicyclic dicarboxylic acids. 

(2) One or more of aromatic, alicyclic and aliphatic diols. 

(3) One or more of aromatic hydroxycarboxylic acids, 

(4) One or more of aromatic thiolcarboxylic acids. 

(5) One or more of aromatic dithiols and aromatic thiolphenols. 

60 (6) One or more of aromatic hydfoxylammes and aromatks diamines. 

The polymer to form the anisotropic molten phase comprises the following combinations- 
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GROUP A 

I) a polyester comprising (1) and (2), 

II) a polyester comprising only (3), 

III) a polyester comprising (1 ), (2), and (3), _ 

IV) a polythioi ester comprising only (4), 

V) a potythiol ester comprising (1) and (5), 

VI) a polytiiiol ester comprising (1). (4), and (5). 

VII) a polyesteramide comprising (1 ). (3) . and (6) , and 
VMI) a polyesteramide comprising (1), (2). (3), and (6). 

In addition to the above-mentioned combinations of the constituents, the polymer to form the anisotropic 
molten phase also includes aromatic polyazomethlnes such as poly(n!triIo-2-methyI-1 ,4-phenyienenitriloethy- 
lidine-1 ,4-phenylenethylidine) , poly(nitrilo-2-methyl-1 .4-phenylenenitrilomethylidine-1 ,4-phenylenemethy- 
lldine), and poly(nitrilo-2-chloro-1,4-phenylenenltrilomethylidine-1 .4-phenytenemethylidine). 

Further, in addition to the above-mentioned combinations of the constituents, the polymer to form the 
anisotropic molten phase includes polyester carbonates each comprising essentially 4-hydroxybenzoyl units, 
dihydroxy-phenyl units, dihydroxycarbohyl units, and terephthaloyi units. 

The compounds constituting the above-mentioned polymers 1) to VIII) are listed below. 

Aromatic dicarboxylic acids which include terephthalic acid, 4,4'-diphenyldicarboxylic acid. 4,4'-triphenyldi- 
carboxylic acid, 2,6-naphthalenedicarboxylic acid, diphenyl ether-4,4'-dicarboxy!ic acid, diphenoxyethane- 
4.4'-dicarboxylic acid, diphenoxybutane-4,4'-dicEU'boxylic acid, diphenylethane-4,4'-dicarboxylic acid, isoph- 
thafic acid, diphenyl ether-3,3'-dlcarboxylic acid, diphenoxyethane-^,3'-dicarboxylio acid, diphenylethane- 
3.3'-dicarboxylic acid, and naphthalene-1.6-dicarboxylic acid; and alkyi-. alkoxy-. or halogen-substituted 
aromatic dicaraboxylic acids which include chloroterephthalic acid, dichloroterephthalic acid, bromotere- 
phthalic acid, methylterephthalic acid, dimethylterephthalic acid, ethylterephthaiic acid, methoxyterephthalic 
acid, and ethoxyterephthalic acid. 

Alicycllc dicarboxylic acids which include trans-1,4-cyclohexane-dicarboxyiic acid, cis-1,4-cyclohexanedi- 
carboxylic acid, and 1 ,3-cyclohexanedlcarboxylic acid; and alkyI-, alkoxy-, or halogen-substituted alicycllc 
dicarboxylic acids which include trans-1,4-(1 -methyl) cydohexane dicarboxylic acid and trans- 
1 ,4-(1-chloro)cyclohexanedlcarboxylic acid. 

Aromatic diols which include hydroquinone. resorcinol, 4,4'-dihyroxydiphenyl, 4.4'-dihydroxytriphenyl, 

2.6- naphthalenediol, 4,4'-dihydroxydiphenyl ether, bis-(4-hydroxyphenoxy) ethane, 3,3'-dihydroxydiphenyl, 
3.3'-dihydroxydiphenyl ether. 1,6-naphthalenediol, 2.2-bis(4-hydroxyphenyl)propane. and 2.2-bls(4-hydroxy- 
phenyOmethane; and alkyK alkoxy-, or halogen-substituted aromatic diols which Include chlorohydroquinone, 
methylhydroquinone, 1-butylhydroqulnone, phenylhydroqulnone, methoxyhydroqulnone. phenoxyhydroqui- 
none, 4-chlororesorcinol, and 4-methylresorcinol. 

Alicyciic diols which Include trans-1,4-cyclohexanediol, cis-1,4-cyclohexanediol, trans-1,4-cyclohexanedi- 
methanol, cis-1 ,4-cyclohexanedimethanoi. trans-1,3-cyclohexanediol. cis-1 ,2-cyclohexanediol. and trans- 
1.3-cyclohexanedimethanol; and alkyI-, alkoxy-. and halogen-substituted alicyciic diols which include 
trans-1,4-(1 -methyl) cyclohexanediol, and trans-1 ,4-(1-chloro)cyc!ohexanediol. 

Aliphatic diets which include straight-chain or branched chain aliphatic diols such as ethylene glycol, 

1.3- propanediol, 1,4-butanediol, and neopentyl glycol. 

Aromatic hydroxycarboxyllc acids which include 4-hydroxybenzoic acid, 3-hydroxybenzoic acid, 6-hydroxy- 

2- naphthoic acid, and 6-hydroxy-1 -naphthoic acid; and alkyI-, alkoxy-, or halogen-substituted hydroxyceirbox- 
ylic acids which include 3-methyI-4-hydroxybenzolc acid, 3,5-dimethyl-4-hydroxybenzoic acid, 2,6-dimethyl- 

4- hydroxybenzoic acid, 3-methoxy-4-hydroxybenzoic acid. 3.5-dimethoxy-4-hydroxybenzolc acid, 6-hydroxy- 

5- methyl-2-naphthoic add. 6-liydroxy-5-methoxy-2-naphtholc acid. 3-chIoro^hydroxybenzoic acid, 2-chloro- 
4-hydroxy-benzolc acid. 2.3-dichloro-4-hydroxybenzolc acid, 3,5<lichloro-4-hydroxybenzoic acid, 2,5-di- 
chloro-4-hydroxybenzoic acid, 3-bromo-4-hydroxybenzoic acid. 6-hydroxy-5-chloro-2-naphthoic acid, 6-hy- 
droxy-7-chloro-2-naphthoic acid, and 6-hydroxy-5.7-dichloro-2-naphthoic acid. 

Aromatic mercaptocaroxylto acids which include 4-mercaptobenzoic acid, 3-mercaptobenzolc acid, 

6- mercapto-2-naphthoic acid, and 7-mercapto-2-naphthoic acid. 

Aromatic dithiols which include benzene-1 ,4-dithiol, benzene-1.3-dithiol, 2,6-naphthaienedithiol, and 

2.7- naphthalenedithiol. 

Aromatic mercaptophenols which Include 4-mercaptophenol, 3-mercaptophenol, 6-mercaptophenol, and 

7- mercaptophenol. 

Aromatic hydroxylamines and aromatic diamines which include 4-amlnophenol. N-methyl-4-aminophenol, 

1.4- phenylenediamlne, N-methyl-1 ,4-phenylenediamine, N,IM'-dimethyl-1,4-phenylenediamine, 3-aminophenol, 

3- methyl-4-amlnophenol, 2-chloro-4-amlnophenol, 4-amino-1-naphthol. 4-amino-4'-hydroxydiphenyl, 4-amino- 
4'-hydroxydiphenyl ether, 4-euTnino-4'-hydroxyphenylmethane, 4-amino-4'-hydroxydiphenyl sulfide, 4.4'-diaml- 
nophenyi sulfide (thiodianiline), 4,4'-diaminodi-phenyl sutfone, 2,5-diaminotoluene, 4,4'-ethylenedianillne. 
4,4'-diaminodiphenoxyethane, 4,4'-diamInodiphenylmethane (methylenedianiline), and 4.4'-diaminodiphenyl 
ether (oxydianiline). 

The polymers (I) to (VIII) each comprising the above-mentioned constituents may be divided into a group of 
those capable of forming the anisotropic molten phase and a group of those Incapable of forming said phase 
according to the constituents, polymer composition, and sequence distribution. The polymers used in the 
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present Invention are limited to those belonging to the former group. 

Among the polymers capable of forming the anisotropic molten phase which are suitably used in the present 
invention, the polyesters (1), (II), and (III), and the polyesteramides (Vlll) can be prepared by various ester 
forming processes wherein organic monomers each having a functional group which can form a desired 
5 recurring unit by the condensation are reacted with each other. The functional groups of these organic 
monomers include carfaoxyl. hydroxyl, ester, acryloxy, acyl halide, and amine groups. These organic 
monomers can be reacted by melt acldoiysis in the absence of any heat exchange fluid. In this process, the 
monomers are heated to form a melt of reactants. As the reaction proceeds, the solid polymer particles begin 
to suspend in the melt. In the final stage of the condensation reaction, the reaction system may be evacuated 
10 to facilitate the removal of volatile by-products such as acetic acid and water. 

A slurry polymerization process may also be employed in the preparation of fully aromatic polyesters 
suitable for use in the present invention. In this process, the solid product is obtained in the fonm of 
suspension in a heat exchange medium. 

In either of said melt acidolysis and slurry polymerization processes, the organic monomeric reactants from 
rs which the fully aromatic polyesters can be derived may be employed in the reaction in a modified form obtained 
by esterifying the hydroxyl group of the monomer at ambient temperature (I.e., in the form of their lower acyl 
esters). The lower ac^l groups have preferably about 2 to 4 carbon atoms. Preferably, acetate esters of the 
organic monomeric reactants are employed In the reaction. 
Typical examples of the catalysts that can be used in both of the melt acidolysis and slurry processes 
20 Include dialkyltin oxides (such as dibutyltin oxide), diaryltin oxides, titanium dioxide, antimony trioxide, 
alkoxytltantum silicates, titanium alkoxides. alkali metal and alkaline earth metal salts of carboxylic acids (such 
as zinc acetate), Lewis acids (such as BF3), and hydrogen halides and other gaseous acids (e.g., HCI). The 
catalyst is generally used in an amount of about 0.001 to 1 wto/o, particularly about 0.01 to 0.2 wto/o, based on 
the monomer. 

25 The fully aromatic polymers suitable for use in the present invention are substantially Insoluble in ordinary 
solvents and. therefore, they are unsuitable for use in a solution processing. However, as described above, 
these polymers can be processed easily by the ordinary melt processing. Particularly preferred fully aromatic 
polymers are soluble In pentafluorophenol to some extent. 
The fully aromatic polyester which is preferably used in the present invention have a weight-average 

^ molecular weight of about 2,000 to 200,000, preferably about 10,000 to 50,000. partlculariy about 20.000 to 
25.000. The fully aromatic polyesteramides which is preferably used in the present invention have a molecular 
weight of about 5.000 to 50,000, preferably about 10.000 to 30.000, for example, 15,000 to 17,000. The 
molecular weight may be determined by gel permeation chromatography or other standard methods which 
need no polymer solution, such as a method in which terminal groups are determined by infrared 

35 spectroscopy using a compression-molded film sample. The molecular weight may also be determined by the 
light-scattering method using a solution of pentafluorophenol. 

When the fully aromatic polyester or polyesteramlde is dissolved in pentafluorophenol at GO^'C In a 
concentration of 0.1 wto/o, the solution has an Inherent vlscosi^ (LV.) of at least about 2.0 dl/g. for example, 
about 2-0 to 10.0 dl/g. 

40 The anisotropic molten phase-exhibiting polymer which is used in the present invention is preferably an 
aromatic polyester and aromatic polyesteramide. A preferred example Is a polyester which partly contains an 
aromatic polyester and aromatic polyesteramlde in the same molecular chain. 

They are composed of the follovwng compounds which are listed as preferred examples. Naphthalene 
compounds such as 2,6-naphthalenedicarboxylic acid, 2,6-dihydroxynaphthalene, 1 .4-dihydroxynapthalene, 
and 6-hydroxy-2-naphthoic acid; biphenyl compounds such as 4.4'-diphenyldicarb.oxylrc acid, and 
4,4'-dlhydro3^blphenyl; and compounds represented by Formula I, II or III below: 
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HO-^^X-^^OH ( I ) 



HOOC ^ "^^3^ ^^^^ ^ ^ ^ 

65 (where X Is a group selected from C1-C4 alkylene, alkylidene, -0-, -SO-, -SO2- -S-, and -CO-; and Y is a group 
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selected from -(CH2)n-tn = 1-4] and -0(CH2)nO-[n«1-4]) 

p-substituted benzene compounds such as p-hydroxybenzoic acid, terephthallc acid, hydroquinone, 
p-aminopheno). and p-phenylenediamine. and nucleus-substituted benzene compounds thereof (with the 
substituent group selected from chlorine, bromine, methyl, phenyl, and 1-phenylethyl); and m-substttuted 
benzene compounds such as isophthalic acid and resorcin. 5 

A preferred example of the polyester which partly contains the above-mentioned constituents in the same 
molecule is polyalkylene terephthalate in which the alkyi group has 2 to 4 carbon atoms. 

Other preferred examples of the above-mentioned constituents are those which contain as essential 
constituents one or more l<lnds selected from naphthalene compounds, biphenyl compounds, and 
p-substltuted benzene compounds. Particularly preferred examples of the p-substltuted benzene compounds io 
include p-hydroxybenzoic acid, methylhydroquinone. and 1 -phenylethyihydroquinone. 

The constituents may be combined as illustrated below. 
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4) 
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13) 

z ^ 
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IS 



20 



14) 



2S 

15) 



[-O^CO-) [-0-^(CK.),hQ-0-] 



30 

CO- 



as 

16) 

40 



CO- 



50 



55 



50 



65 



aNSDOCIO: <EP ^02361 16A1_L> 



0 236116 




v-^ Vco 




-) 



.o^co-] [ -o-Q-oco-Q_Q-co-] • 




■0 -^A-OCO -^\^0(CHj),-0-^^CO-j 



-0 -/^\-oco 

i3 




CO 



-0-Q-OCO-Q-Q-CO-] 



0 236116 



21) 
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26) 



OCHtCHzO-CO 



hQ-co-] 



10 



27) 



[- 



0(CH2)4 0-C0 



-Q-CO-] 
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In the above formulas. Z is a substituent group selected from -CI, -Br. and -CH3. and X is a substituent group 
selected from C1-C4 alkylene, alkylidene, -0-, -SO-, -SO2-, and -CO-. 

The anisotropic molten phase-forming polyester which is preferably used in the present invention includes 
those containing at least about 10 mo|o/o of a naphthalene moiety-containing recurring unit such as 
6-hydroxy-2-naphthoyl, 2,6-dihydroxynaphthalene. and 2.6-dicarboxynaphthalene. Preferred polyesteramides 
are those having a recurring unit comprising the above-mentioned naphthalene moiety and 4-aminophenQl or 
1.4-phenylenediamine moiety. Their examples are listed in the following. 

(1) Polyesters essentially comprising the following recurring units I and It: 




These polyesters comprise about 10 to 90 molo/o of unit I and about 10 to 90 molP/o of unit II. In one 
embodiment, unit I is contained in an amount of about 65 to 85 moio/o. preferably about 70 to 80 mo|o/o (for 
example, about 75 moio/o). In another embodiment, unit II is contained in an amount of about 15 to 35 
moP/o. preferably about 20 to 30 mo|o/o. At least part of the hydrogen atoms attaching directly to the ring 
may be replaced with a substituent selected from the group consisting of alkyi groups having 1 to 4 
carbon atoms, alkoxy groups having 1 to 4 carbon atoms, halogen atoms, a phenyl group, substituted 
phenyl groups, and combinations thereof. 

(2) Polyesters essentially comprising the following recurring units I, II, and III: 
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These polyesters contain about 30 to 70 molQ/b of unit I. They comprise preferably about 40 to 60 mo|o/o of 
unit I, about 20 to 30 moioyb of unit II. and about 20 to 30 moio/o of Unit III. At least part of the hydrogen 
atoms attaching directly to the ring may be replaced with a substituent selected from the group consisting 
of alkyi groups having 1 to 4 carbon atoms, alkoxy groups having 1 to 4 carbon atoms, halogen atoms, a 
phenyl group, substituted phenyl groups, and combinations thereof. 

(3) Polyesters essentially comprising the following recurring units I, II. III. and IV. 






17 




(wherein R represents a methyl group, chlorine atom, bromine atom, or a combination thereof which is a 
substituent for the hydrogen atom attaching to the aromatic ring.) These polyesters contain about 20 to 
60 mo|o/o of unit I. about 5 to 18 moio/o of unit II. about 5 to 35 mo!o/o of unit III, and about 20 to 40 mo|o/o of 
unit IV. Preferably they comprise about 35 to 45 mo|o/o of unit I, about 10 to 15 mo|o/o of unit II. about 15 to 
25 molo/o of unit m. and about 25 to 35 moio/o of unit IV. with the proviso that the total molar concentration 
of units II and III is substantially equal to that of unit IV. As least part of the hydrogen atoms attaching 
directly to the ring may be replaced with a substituent selected from the group consisting of alkyI groups 
havmg 1 to 4 carbon atoms, alko)^ groups having 1 to 4 caribon atoms, halogen atoms, a phenyl group, 
substituted phenyl groups, and combinations thereof. The fully aromatic polyester has an intrinsic 
viscosity of at least 2.0 dl/g. for example 2.0 to 10.0 dl/g, when measured with a 0.3 w/vo/o solution in 
pentafuorophenol at eo"" C. 
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(4) Polyesters essentially comprising the following recurring units 1, 11. Ill, and IV: 




III dioxyaryl units of the general formula: -EO-Ap-0 3— wherein Ar represents a dh/alent group having at 
least one aromatic ring, and 

IV dicarboxyaryl units of the general formula: 

0 0 
0 II 
-EC-Ar'-C3- 

wherein Ar' represents a divalent group having at least one aromatic ring. 

The amount of unit I is about 20 to 40 mol%; the amount of unit II is 10 mol<Vb to about 50 molo^; the 
amount of unit III is 5 mo|o/o to about 30 mo|o/o; and the amount of unit IV Is 5 molQ/b to 30 mo|o/o. These 
polyesters comprise preferably about 20 to 30 molo/o (for example, about 25 molo/o) of unit I. about 25 to 
40 moio/o (for example, about 35 molo/o) of unit II. ebouX 15 to 25 molo/o (for example, about 20 moP/o) of 
unit III. and about 15 to 25 mo|o/o (for example, about 20 molo/o) of unit IV. If necessary, at least part of the 
hydrogen atoms attaching directly to the ring may be replaced with a substituent selected from the group 
consisting of alkyi groups having 1 to 4 carbon atoms, aikoxy group having 1 to 4 carbon atoms, halogen 
atoms, a phenyl group, substituted phenyl groups, and combinations thereof. 

The units III and iV are preferably symmetrical in a sense that the divalent bonds which connect the unit ill 
or IV to the adjacent units are symmetrical on one or more aromatic rings (for example, at the p-position 
or diagonal position in the case of naphthalene ring). However, asymmetrical units derived from resorclnol 
and isophthallc acid may also be used. 
A preferred dioxyaryl unit III is as follows: 



and a preferred dicarboxyaryl unit IV is as follows: 



(5) Polyesters essentially comprising the following recurring units I, II. and Hi; 
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il. dioxyaryl units of the general formula: -£0-Ar-0 J— wherein Ar represents a divalent group having at 

least one aronnatic ring, 

HI. dtcarboxyaryl unrts of the general formula: 

0 0 

II II 
-£C-Ar'-C^ 
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wherein Ar' represents a divalent group having at least one aromatic ring. 

The amounts of units 1. II, and 111 are about 10 to 90 moio/o, 5 to 45 mo\o/b, 5 to 45 molo/o, and 5 to 45 mo!<Vb, 
respectively. These polyesters comprise preferably about 20 to 80 moP/o of unit I, about 10 to 40 moio/o of 
unit II, and about 10 to 40 molQ/b of unit 111. More preferably, they comprise about 60 to 80 moIQ/b of unit I, 
about 10 to 20 moio/o of unit II, and about 10 to 20 mo|o/o of unit 111. If necessary, at least part of the 
hydrogen atoms attaching directly to the ring may be replaced with a substituent selected from the group 
consisting of alkyl groups having 1 to 4 carbon atoms, aikoxy groups having 1 to 4 carbon atoms^ halogen 
atoms, a phenyl group, substituted phenyl groups, and combinations thereof. 
A preferred dio^aryl unit II is as follows: 




and a preferred dicarboxyaryl unit 111 is as follows: 



0 0 -.^ 



45 



50 



55 



60 



65 



(6) Polyesteramides essentially comprising the following recurring units I, lU HI. and IV: 




II. units of the general formula: 



0 0 
D II 
-EC-A-C3- 

wherein A represents a divalent group having at least one aromatic ring or a divalent transcyclohexane 
group, 

III. units of the general formula: -fY-Ar-Zj- wherein Ar represents a divalent group having at least one 
aromatic ring. Y represent O, NH or NR. and Z represents NH or NR. R being an aOcyl group having 1 to 6 
carbon atoms or an aryl group, and 
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IV. units of the genered formula: -tO-Ar»-0 3- wherein Ar' represents a divalent group having at least one 
aromatic ring. 

The amounts of units 1, 11. Hi, and fV are about 10 to 90 mo|o/o, about 5 to 45 moP/o. about 5 to 45 mo|o/o. and 
about 0 to 40 mol<Vo, respectively. If necessary, at ieast part of the hydrogen atoms attaching directiy to 
the ring may be replaced with a substituent selecte^from the group consisting of all<yl groups having 1 
to 4 carbon atoms, all<oxy groups having 1 to 4 carbon atoms, halogen atoms, a phenyl group, substituted 
phenyl groups, and combinations thereof. 
A preferred dicarboxyaryl unit II is as follows: 




10 



15 



a preferred unit 111 is as follows: 



or 



•NH 



20 



25 



and a preferred dioxyaryl unit IV is as follows: 



35 

The anisotropic molten phase forming polymers of the present invention also include those wherein part of a 
polymer chain comprises a segment of the above-mentioned anisotropic molten phase-forming polymer and 
the balance comprises a segment of a thermoplastic resin which does not form an anisotropic molten phase. 

According to the present invention, the melt-processable polymer which is capable of forming the 
anisotropic molten phase has the above-mentioned chemical composition. The one having a weight-average 40 
molecular weight of about 2,000 to 50,000 is suitable for use in this invention. With a weight-average molecular 
weight less than 2,000, the polymer is Insufficient in modulus and strength; and with a weight-average 
molecular weight greater than 50,000, the polymer is poor In fluidity and causes damage to the ferrite. A 
preferred polymer has a weight-average molecular weight of 3,000 to 30,000. The polymer may be incorporated 
with a fibrous tiller such as glass fiber, carbon fiber, woliastonite. and potassium titanate fiber; a platy filler 45 
such as mica; or a particulate filler such as silica. 

The motor rotor of this invention includes a variety of embodiments. For example, (1) an embodiment in 
which the cylindrical ferrite and the preformed shaft are integrally fixed by insert molding as mentioned above, 
(2) an embodiment in which the support for the cylindrical ferrite is formed by insert molding and the shaft is 
attached to the support by fitting or any other commonly used means, and (3) an embodiment in which the 50 
support for the cylindrical ferrite and the shaft are molded simultaneously with the same polymer at the time of 
insert molding. The production of the rotor will slightly differ depending on the embodiment used. 

The melt-processable polymer capable of forming the anisotropic molten phase which is used in this 
invention has a very low melt viscosity; therefore, it can be molded at a lower pressure than the ordinary 
thermoplastic resins. For this reason, it does not damage the cylindrical ferrite when injected Into the hollow of 55 
the cylindrical ferrite. even though the outer layer (as disclosed in Japanese Patent Publication 
No. 33103/1984) to counterbalance the injection pressure is not formed, it is a matter of course that the rotor 
may have the outer layer for the counterbalancing of injection pressure. In this case, the outer layer is formed 
first so that it applies no or slight compressive force to the ferrite. 

The rotor is produced by the so-called insert injection molding method. In the case of embodiment (1) as 60 
mentioned above, the cylindrical fen'ite and the preformed shaft are properly positioned in the mold prior to 
injection molding. Since such arrangement prevents the formation of a center gate, it is desirable that several 
gates be formed at positions symmetrical with respect to the center of the shaft 

In the case of embodiment (2) as mentioned above, a hole into which the shaft is fitted should be formed in 
the plastic part at the time of insert molding. The molding may be performed In the same manner as in 65 
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embodiment (1), 

In the case of embodiment (3) as mentioned above, the commonly used metal shaft Is replaced by the 
plastics shaft which is integrally molded with the support of the cylindrical ferrite. A single center gate at the 
shaft may suffice; but several gates may be formed for pressure balancing. 
5 The above-mentioned resin is so strong as to be made Into the shaft of the rotor. 

[Effect of the invention] 

The present invention having the above-mentioned constitution has realized the simplified production of 
motors which had not been achieved with conventional high-strength high-modulus engineering plastics such 
W as nyIon-66, glass fiber-reinforced polyalkyiene terephthalate resin, polyacetal resin, polyphenylene ether 
resin, and polycarbonate resin. 

The polymer used in this invention has the lowest coefficient of thermal expansion, particularly the lowest 
coefficient of linear expansion in the direction of flow, among thermoplastic resins. In addition, it has the 
coefficient of thermal expansion close to that of ferrite. Therefore, it does not exert an undue force to the 
15 ferrite and consequently it does not damage the ferrite even when the temperature change, which causes 
contraction and expansion, takes place while the motor is in use. The motor provided with the rotor of this 
invention can be used under considerably severe conditions. 

As mentioned above, the polymer has good fluidity when melted and has a low molding shrinkage. This 
permits precision molding without undue force on the ferrite which othenvise might occur during molding. 
20 These properties along with high strength make It possible to integrally mold the support of the ferrite and the 
shaft at one time. 

[Examples] 

The invention is now described in more detail with reference to the following examples, which should not be 
25 construed as limiting the scope of the invention. 

Referential Example 1 

1261 parts by weight of 4-acetoxybenzolc acid and 691 parts by weight of 6-acetoxy-2-naphthoic acid were 
placed In a reactor provided with a stirrer, a nitrogen inlet tube, and a distillation tube. The mixture was heated 
30 at 250° C under a nitrogen stream and stirred vigorously at that temperature for 3 h and then at 280° C for 2 h 
while acetic acid was distilled off from the reactor. The temperature was elevated to 320° C and the feeding of 
nitrogen was stopped. The pressure in the reactor was reduced gradually to 0.1 mmHg after 20 min. The 
mixture was stirred at that temperature under that pressure for 1 h. 
The resulting polymer had an intrinsic viscosity of 5.4 as determined in pentatiuorophenol at a concentration 
35 of 0.1 wto/o at 60° C. 

The resulting polymer has the following constitutional units. 



-°"\OVcO-/ -O-lQlQr =70/30 



45 Referential Example 2 

1 081 parts by weight of 4-acetoxybenzoic acid. 460 parts by weight of 6-acetoxy-2-naphthoic acid, 1 66 parts 
by weight of isophthalic acid, and 194 parts by weight of 1 ,4-diacetoxybanzene were fed to a reactor provided 
with a stirrer, a nitrogen Inlet tube, and a distillation tube. The mixture was heated to 260° C under a nitrogen 
stream and stirred vigorously at that temperature for 2.5 h and then at 280° C for 3 h while acetic acid was 

50 distilled off from the reactor. The temperature was elevated to 320*" C and the feeding of nitrogen was stopped. 
The pressure In the reactor was reduced gradually to 0.1 mmHg after 15 min. The mixture was stirred at that 
temperature under that pressure for 1 h. 

The resulting polymer had an intrinsic viscosity of 5.0 as determined in pentatiuorophenol at a concentration 
of 0.1 wto/o at 60° C. 

55 The resulting polymer has the following constitutional units. 



65 
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-OC 



--<Q>~0- =60/20/10/10 



10 



Referential Example 3 

1081 parts by weight of 4-acetoxybenzoic acid, 489 parts by weiglit of 2,6-diacetoxynaplithalene, and 332 
parts by weiglit of terephithalic acid were fed to a reactor provided witli a stirrer, a nitrogen Inlet tube, and a 
distillation tube. The mixture was heated to 250*^0 under a nitrogen stream and stirred vigorously at that 
temperature for 2 h and then at 280° C for 2.5 h while acetic acid was distilled off from the reactor. The 
temperature was elevated to 320^*0 and the feeding of nitrogen was stopped. The pressure in the reactor was 
reduced gradually to 0.2 mmHg after 30 min. The mixture was stirred at that temperature under that pressure 
for 1.5 h. 

The resulting polymer had an intrinsic viscosity of 2.5 as determined in pentafluorophenoi at a concentration 
of 0.1 wtQA) at 60^*0. 
The resulting polymer has the following constitutional units. 



CO- 



-<Q>-co-/ / -Qc^(oy 



15 



20 



25 



30 



= 60/20/20 



Referential Example 4 35 

1612 parts by weight of 6-acetoxy*2-naphtholc acid, 290 parts by weight of 4-acetoxyacetanilide. 249 parts 
by weight of terephthalic acid, and 0.4 parts by weight of sodium acetate were placed in a reactor provided with 
a stirrer, a nitrogen inlet tube, and a distillation tube. The mixture was heated to 250° C under a nitrogen stream 
and stirred vigorously at that temperature for 1 h and then at 300° C for 3 h while acetic acid was distilled off 
from the reactor. The temperature was elevated to 340° C and the feeding of nitrogen was stopped. The 40 
pressure in the reactor was reduced gradually to 0.2 mmHg after 30 min. The mixture was stirred at that 
temperature under that pressure for 30 min. 

The resulting polymer had an intrinsic viscosity of 3.9 as determined in pentafluorophenoi at a concentration 
of 0.1 wt(Vb at eO'^C. 

The resulting polymer has the following constitutional units. 45 



D: -0-(Cp!OJ / .0-<;O^M- / -OC-<QhCO. ^ 
= 70/15/15 

55 

Example 1 

A resin composition was prepared from 100 parts by weight of the polymer having a welght*average 
molecular weight of 20,000 obtained in Referential Example 1, 25 parts of glass fiber, and 25 parts of 
woKastonite. The resin composition was made into 20 rotors by injection molding at 300° C using molds (1 and 
1 ') with a cylindrical f errite (2) and shaft (3) inserted therein as shown in Fig. 1 . The cylindrical ferrite is 6 cm in 60 
outside diameter. 8 mm in wall thickness, and 5 cm in length. The gates are indicated by numerals 4 and 4'. 
Upon microscopic examination after molding, no microcracks were found on the cylindrical ferrite. The rotor 
was subjected to 100 cycles of heating (120°C for 4 hours) and cooling (-40°C for 4 hours). After the 
heating-cooling cycles, no microcracks were found. 

65 
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Examples 2 to 4 

Rotors were produced in the same manner as in Example 1 except that the polymer was replaced by those 
obtained in Referential Examples 2 to 4. Upon microscopic examination, no microcracks were found on the 
cylindrical ferrite. In addition, no microcracks occurred after the heating-cooling cycles. 

5 

Comparative Example 1 

A rotor of the same shape as in Example 1 was produced form polyamide resin (nylon-66) by injection 
moulding according to the process disclosed in Japanese Patent Publication No. 33103/1984. The rotor, with 
the outer layer removed, was subjected to the heating-cooling cycles in the same manner as in Example 1. 
10 Microcracks were found on the cylindrical ferrite. 

Thus, in summary this invention discloses:- 

A motor rotor which comprises a shaft, a cylinder of a ferrite and a supporting means to support said 
cylinder coaxiaily of said shaft, said supporting means consisting of a polymer being capable of or adopting the 
anisotropic phase in the molte^n state and the melt-processing. 
IS A rotor, in particular for a micromotor, comprising a ferrite cylinder carried spaced from an axis by an annular 
body made by injection moulding of plastics material, being effected with the ferrite cylinder in position 
characterised in that, a polyester is employed for forming said annular body, this polyester being of a type 
which when heated for injection moulding and when in a molten state is in an anisotropic phase. 
The motor rotor of this invention being formed in a variety of ways. For example, (1) the cylindrical ferrite and 
20 the preformed shaft are integrity fixed by insert moulding, the mould for example being equipped with the 
cylinder and the shaft in advance, the annular body thus provided being formed about an axial shaft during the 
injection moulding process, (2) the support for the cylindrical ferrite Is formed by insert moulding and the shaft 
is attached to the support by fitting or any other commonly used means, and (3) the support for the cylindrical 
ferrite and the shaft are moulded simultaneously with the same polymer at the time of insert moulding, the 
25 annular body so fomned defining an axial shaft during the injection moulding process for example. 

In preferred embodiments, the polymer of the supporting means is a polyester or a polythiol ester or a 
polyester amide or a combination of two or three of these such as those in GROUP A as described in the text 
which are capable of adopting the anisotropic phase in the molten state and during melt-processing. 
In a first such preferred embodiment, a polyester comprises:- a) one or more of aromatic and alicyclic 
30 dicarboxylic acids, and one or more of aromatic, alicyclic and aliphatic diols and/or comprises 

b) one or more of aromatic hydroxycarboyxlic acids. 
In a second such preferred embodiment a polythiol ester comprises:- 

a) one or more of aromatic and aiicyclic dicarboxylic acids, and one or more of aromatic dithiols and 
aromatic thiolphenols and/or comprises 
35 b) one or more of aromatic thiolcarboxylic acids. 

In a third such preferred embodiment a polyesteramide comprises:- 

a) one or more of aromatic and alicyclic dicarboxylic acids, one or more of aromatic hydrocarboxylic 
acfds, and one or more of aromatic hydroxylamines and aromatic diamines and/or comprises 

b) one or more of aromatic, alicyclic and aliphatic diols. 

40 In another such embodiment, the polymer is an aromatic polyester in combination with an eirbmatic 
polyesteramide, the polymer being in the anisotropic phase when moulded. Polyalkylene terephthalate in 
which the alkyl group has 2 to 4 carbon atoms is preferred as such a polymer. Preferably the polyester contains 
at least 10 moP/o of a naphthalene moiety-containing recurring unit such as 6-hydroxy-2-naphthoyI, 
2,6-dihydroxynaphthalene. and 2,6-dicarboxynaphthalene. Preferred polyesteramides are those having a 

45 recurring unit comprising the above-mentioned naphthalene moiety and 4-aminophenol. or 1,4-phenylene- 
diamine moiety. 

The polymer of the invention Includes those wherein part of a polymer chain of the polymer comprises a 
segment of the anisotropic molten phase-forming polymer and the balance comprises a segment of a 
thermoplastic resin which does not form an anisotropic molten phase. 
50 In one embodiment of the invention, the polyester is combined with a filler and glass fibres to form a resin 
composition for melt-processing into the body, the filler and the glass fibres not exceeding 50<Vb by weight of 
the composition. 



55 

Claims 

1 . A motor rotor which comprises a shaft, a cylinder of a ferrite and a supporting means to support said 
cylinder coaxiaily of said shaft, said supporting means consisting of a polymer being capable of the 

60 anisotropic phase In the molten state and the melt-processing. 

2. A motor rotor as claimed in Claim 1, which iias been obtained by moulding said polymer In a mould 
equipped with the cylinder and the shaft in advance. 

3. A motor rotor as claimed in Claim 1 , in which said polymer is a polyester. 

4. A motor rotor as claimed in Claim 1 , in which said polymer is an aromatic polyester In combination 
65 with an aromatic polyesteramide, which polymer is in the anisotropic phase when moulded. 
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5. A motor rotor as claimed in Claim 3, in which said polyester contains at least 10 mo|o/o of a 
naphthalene moiety-containing recurring unit. 

6. A motor rotor as claimed in Claim 1, wherein part of a polymer chain of said polymer comprises a 
segment of the anisotropic molten phase-forming polymer and the balance comprises a segment of a 
thermoplastic resin which does not form an anisotropic molten phase. 5 

7. A rotor, in particular for a micromotor, comprising a ferrite cylinder carried spaced from an axis by an 
annular body made by injection moulding of plastics material, being effected with the ferrite cylinder in 
position characterised in that, a polyester is employed for forming said annular body, this polyester being 
of a type which when heated for injection moulded and when in the molten state is in an anisotropic phase. 

8. A rotor according to claim 8, characterised in that said polyester is combined with a filler and glass io 
fibres to form a resin composition for melt-processing into said body, the filler and the glass fibres not 
exceeding 500/o by weight of the composition. 

9. A rotor according to claim 8 wherein said body is formed about an axial shaft during the injection 
moulding process. 

10. A rotor according to claim 8 wherein said body is formed to define an axial shaft during the injection 15 
moulding process. 

1 1 . A motor rotor which comprises a shaft, a cylinder of a ferrite and a supporting means to support said 
cylinder coaxially of said shaft, said supporting means consisting of a polymer which during 
melt-processing and when in a molten state exhibits an anisotropic phase. 
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